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Introduction
Fibromyalgia (FM) is a debilitating chronic condition characterized by chronic widespread pain and cognition and sleep impairments [1] . The disease has a heavy burden both on the individual's life and society, and its diagnosis is based on exclusion of other systemic conditions that manifest the above-mentioned symptoms [2] .
Though the exact pathophysiology of FM is not clear yet, a strong role has been attributed to descending pain modulation systems in the brain [3] , with a specific role for serotonergic, noradrenergic, and opioidergic neurotransmission pathways. A strong association has been demonstrated between FM and other pain conditions including chronic headache [4, 5] , lower back pain [6] , chronic fatigue syndrome [7] , and temporomandibular disorders [8] [9] [10] in epidemiological studies, though the exact mechanisms involved are not fully elucidated yet. Different animal models have been proposed for FM [11] [12] [13] . One of the animal models that has received considerable attention in the last few years is the excessive stress model, which mimics most of the symptoms observed in the clinical setting [11] . In this spectrum of animal models, chronic exposure to an unavoidable stressor such as cold or swim stress leads to the behavioral alterations similar to the FM symptoms observed in clinical settings [12] .
One of the animal models proposed for FM is subchronic swim stress (SS), which is an easy-to-administer model consisting of a three-day exposure to forced swim stress [11, 14, 15] . In this model, animals are exposed to both physical (swim stress) and psychological stress (fear of drowning), and after one week cognitive dysfunction is manifested in the animals subjected to the SS procedure [17] . Furthermore, spinal nociception is also altered in SS rats, and there is an increased response to noxious stimuli (hyperalgesia) in the spinal region modulated through serotonergic and opioidergic pathways [17] . Furthermore, hyperalgesia following exposure to SS is attenuated by milnacipran and tramadol, two agents proposed to diminish the pain severity in FM subjects [18] .
Previous studies have demonstrated an association between chronic head and neck pain conditions such as TMD, headache, and myofascial pain and FM in clinical settings, but there is a lack of an animal model for evaluation of trigeminal nociception in FM. Thus, considering the lack of studies evaluating trigeminal nociception in a subchronic stress animal model, the current study was performed to assay the response to acute and chronic noxious stimuli applied to the trigeminal region. Findings of the current study might reveal a basis for further research on the mechanisms and pathophysiology of chronic facial pain in chronic pain conditions such as FM.
Methods and Materials
Adult male Wistar rats (weighing 250-270 g) were used for the current study. Animals were kept in plexiglass cages in groups of three with access to food and water ad libitium. Animals were kept under standard conditions (room temperature: 24 6 2˚C with 12/12-hour light/dark cycle). All the procedures were approved by the Kerman University of Medical Sciences Ethics Committee.
Six groups of study, three for acute (naïve, sham, stress) and three for chronic (naïve, sham, stress) pain evaluation, were used in the current study (N ¼ 10 for each group).
Animals were brought to the laboratory one week prior to stress sessions to get accommodated to the conditions. Three consecutive days of swim stress were administered to each rat in the stress group. Naïve animals were only brought to the laboratory without any intervention, and sham stress group animals were placed in the cylinder with a 3 cm water height. The stress cylinder was made of plastic (diameter: 30 cm, height: 50 cm) and filled with water. Swim stress was administered to the animals according to the protocol described elsewhere [16] . Briefly, animals were placed in the cylinder for 10 minutes on day 1 and 20 minutes on days 2 and 3. Rats were then dried and placed in their cages.
Behavioral assays were performed one week after the last stress session by a researcher who was blinded to the stress condition of the animals.
Elevated Plus Maze
To evaluate the anxiety-like behaviors in the animals, EPM was used. The EPM was made of wood and had two open arms and two closed arms (50 Â 50 cm). Animals were placed in the middle of the maze, and the number of entrances into the open and closed arms and time spent in each arm were recorded in a five-minute duration using a video camera installed above the EPM [19] .
Rotarod and Wire Grip
This test was used to assay the possible effects of stress on motor function and balance in the animals. An accelerating rotarod apparatus (March-Hugstetten Electronik, Germany) was used in the current assay. Each trial started from a speed of 10 rounds per minute (rpm) and reached a maximum speed of 60 rpm. Three trials were performed for each rat (maximum duration ¼ 300 seconds) with a 30-minute interval between each trial. The duration that each rat could stay on the rotarod and not fall was recorded as a measure of balance and motor coordination.
Wire grip was used to evaluate the muscle strength of the animals. Animals were hung on a wire with their hand gripping the wire, and time spent to fall was recorded for each animal [20] .
Eye Wiping Test
This test was performed according to the method provided by Farazifard et al. [21] . In this assay, the animal was held in the hand of the experimenter and one drop of 5 M NaCl solution was put in the eye of the animal. Then the animal was placed on a table, and the number of instances of eye wiping in a 30-second duration was recorded for each animal [21] .
Orofacial Formalin Test
This assay evaluates the response to noxious stimuli applied in the facial region. A subcutaneous injection of 0.2% formalin (Daroopakhsh, Iran) was made in the nasolabial portion of the whisker pad, and face rubbing Altered Trigeminal Nociception in Fibromyalgia time in five-minute durations was recorded for one hour. Face rubbing times were summed up for the following intervals: acute (0-5 minutes), interphase (5-15 minutes), and chronic (15-60 minutes).
Statistical Analysis
Data are presented as mean 6 standard error mean. Data were analyzed using SPSS v. 16 (IBM, USA). Analysis of variance (ANOVA), followed by Tukey's post hoc, was recruited to compare variables among three groups. P values of less than 0.05 were considered statistically significant.
Results

Elevated Plus Maze
Animals in the stress group had a decreased number of entrances into the open arm and time spent in the open arm in comparison with the naïve and sham groups (P < 0.05, ANOVA, followed by Tukey's post hoc test) ( Figure 1, A and B) .
Time spent in the closed arm and number of entrances into the closed arm were significantly increased in the stress group as compared with the naïve and sham groups (P < 0.05, ANOVA, followed by Tukey's post hoc test) (Figure 1 , C and D).
Rotarod and Wire Grip
Balance and muscle strength were evaluated using rotarod and wire grip tests, respectively. There was no significant difference among the three groups regarding time to fall in the rotarod test, which indicates that balance function is not impaired in the stress group in comparison with the other two groups (Figure 2A) .
While there was a decrease in time to fall in the wire grip test, the difference was not statistically different among the three groups of study ( Figure 2B ).
Eye Wiping Test
The number of instances of eye wiping in a 30-second duration after administering 5 M NaCl solution to the animals' cornea was significantly augmented in the stress group in comparison with the naïve and sham groups, which implies an increased response to the acute noxious stimuli in the trigeminal region (P < 0.01, ANOVA, followed by Tukey's post hoc test) (Figure 3 ).
Orofacial Formalin Test
Face rubbing durations after administration of formalin to the facial region in the three groups in acute (0-5 minutes), interphase (5-15 minutes), and chronic (15-45 minutes) phases were significantly increased in comparison with the naïve and sham groups (P < 0.05 in the acute phase, P < 0.01 in the interphase and chronic phases, ANOVA, followed by Tukey's post hoc) (Figure 4 , A-C).
Discussion
Results of the current study demonstrated a hyperalgesic state in the trigeminal region in a possible animal model of fibromyalgia. Furthermore, anxiety-like behavior was increased in FM animals.
FM is a debilitating condition that is characterized by chronic widespread pain, cognitive impairments, and sleep disturbance [2] . Several attempts have been made 
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to elucidate the exact mechanisms involved, and it has been hypothesized that alterations in the central pain processing system correspond with the symptoms observed in FM patients [22] .
A strong association has been observed among FM and anxiety disorders, major depression disorder, chronic headaches, and temporomandibular disorders (TMD) [9, [23] [24] [25] . Though the causal relation has not been established for these entities, research has demonstrated that many of these associations are due to the common neurobiological mechanisms underlying these disorders [7, 8, 26] .
Animal models that mimic the symptoms observed in clinical settings are of paramount importance because they could be used to elucidate the underlying neurobiological mechanisms and assay new treatment modalities. Several animal models have been proposed that represent a clinical picture of FM [11] . One of these models that has attracted attention in the recent years is the subchronic swim stress model [14] due to its ease of administration and face validity. Cognition, nociception, and immune function are altered in this animal model, which mimics the FM symptoms. In this model, animals are exposed to three consecutive days of swim stress, and then behavioral assessments are made to evaluate the alterations in different physiological processes. It has been demonstrated that this model leads to prolonged muscle hyperalgesia [14] , cognitive impairments [16] , and inflammatory cytokine expression in the animals, and these alterations are modulated through different neurotransmission systems including serotonergic and opioidergic pathways. These findings imply that it as a valid model for FM [11] and it could be used to evaluate the role of different neurotransmitters and the effect of therapeutic modalities. Another aspect of the animal models that validates it as a reliable model is the response to gold standard treatments. The effect of milnacipran, tramadol, and fluoxetine on nociception has been evaluated in this animal model, and these agents have led to a reduction of symptoms in the animals. These findings validate this model as a possible animal model for study of FM [27] [28] [29] .
In this study, animals had increased anxiety-like behavior one week after stress. This finding is consistent with the fact that anxiety disorders are highly correlated with FM [2]. Animals had a reduced time spent in the open arm and number of entrances into the open arm. These observations implicate an anxiety-like behavior in the rats. Furthermore, no alteration was observed in the balance and muscle strength of the animals, which indicates that these functions are not affected by subchronic stress and findings on the EPM paradigm could be attributed to the stress procedure. Nazeri et al. (2014) have demonstrated that the balance and muscle strength of animals that undergo this stress are not altered, which is consistent with the present study [16] . In addition, they revealed a role for a nitric oxide pathway in nociception and cognition alterations following this stress model, which could be used for further research on the role of different neurotransmitters in FM.
Previous clinical studies have demonstrated a strong association between FM and TMDs [4, 9, 10, 24, 25, [30] [31] [32] [33] . In one study by Green et al. (2011) , the authors evaluated three comorbid conditions in an animal model of FM: TMD, anxiety-like behaviors, and irritable bowel syndrome (IBS). Similar to the findings of the current study, animals had increased anxiety-like behavior in the EPM paradigm. Furthermore, masseter muscle Figure 3 Eye wiping test. Number of instances of eye wiping during a 30-second trial was significantly higher in stress rats in comparison with control animals (**P < 0.01, analysis of variance, followed by Tukey's post hoc). Data are presented as mean þ standard error mean (N ¼ 10 for each group).
hypersensitivity was observed in animals exposed to the unpredictable sound stress model of FM. IBS-like symptoms also presented in the animals. In the current study, another animal model of FM was recruited, but the same findings regarding altered facial pain response and anxiety-like behaviors were obtained using different paradigms. Besides, we have already demonstrated that cognition is impaired in the current animal model of FM, which is another manifestation of FM not evaluated in the study by Green et al. (2011) [34] . Further studies are suggested to evaluate the IBS-like symptoms in the SS animal model of FM. In addition, observing the response to different therapeutic modalities and their effects on different impairments in the SS animal model is recommended and would help to deliver the optimal therapeutic regimen to FM patients based on animal studies. Novel antidepressants such as milnacipran attenuated hyperalgesia in the three-day swim stress model, and interestingly this agent is now considered a mainstay of treatment for FM subjects. Further studies evaluating the effect of milnacipran on trigeminal nociception, sleep condition, and cognition would be of great value to provide more effective treatment modalities in FM subjects with comorbid TMD and facial pain [10] .
As a conclusion, animals exposed to a three-day swim stress protocol exhibited hyperalgesia in the trigeminal region, which might implicate a cause and effect relation between FM and TMD in the clinic. Common underlying mechanisms might be responsible for these findings. Further studies on different neurotransmitters and novel treatment and response to the therapeutic agents for FM in this animal model might be of great help to the clinicians in preclinical research. 
